After orthotopic liver transplantation (OLT), patients require immunosuppressive medication, which puts them at risk for development of post-transplant neoplasm and increased mortality [1] . Between 2.5 % and 25 % of patients develop cancer within 1.5 to 5 years after transplant [2 -4]. Skin cancer and lymphoproliferative disorders represent the majority of post-OLT cancers [5] . Nevertheless, colorectal cancer (CRC), though less prevalent, is associated with a markedly reduced survival in post-transplant patients (30 % at 5 years compared to 63 % in the general, non-transplant population) [6] . In addition, CRC may appear at an earlier age in solid organ recipients, with two studies describing a median of 54 and of 59 years at diagnosis, compared to 72 years in the general, non-transplant, population in the United States [6, 7] .
post-transplant, although they have 1.8 times more risk of developing CRC than age-matched controls [14] . Predictors of post-transplant CRC, which could aid in developing targeted screening recommendations, have not yet been studied.
The main objective of our study was to determine the prevalence of colorectal polyps and CRC in liver transplant recipients. A secondary objective was to investigate whether their presence is associated with age, sex, smoking, immunosuppressive agent, liver disease, and pre-and post-transplant colonoscopy characteristics.
Methods
This was a retrospective descriptive study of liver transplant recipients at Hôpital Saint-Luc, Centre Hospitalier de l'Université de Montréal (CHUM), Montreal, Canada.
Study population
Patients ≥ 18 years who were transplanted between 1 January 2007 and 31 December 2009 and who underwent a complete colonoscopy 5 ± 5 years post-transplant were included. At our tertiary center, a systematic colonoscopy is part of the pre-OLT work-up, and a colonoscopy about 5 years post-OLT has been implemented as part of a surveillance strategy post-OLT. This program is mostly addressed to patients ≥ 50 years, but is also carried out in patients < 50 years with CRC risk factors, which include previous advanced adenoma, PSC and IBD, and personal or familial history of CRC. Patients with total proctocolectomy or who have not undergone at least one post-transplant colonoscopy were excluded from this study. In our study, 88 % of colonoscopies were done by gastroenterologists (the remainder were performed by general surgeons, internists or the information was not available). In total, 71 % of colonoscopies were done at our center by endoscopists (n = 6) with over 10 years of experience. Our center is a provincial colorectal cancer screening center, but the data on adenoma detection rate (ADR) is not available for all gastroenterologists. In addition, we do not have information on the ADR and experience of gastroenterologists outside our center. The study has been approved by the Research Ethics Committee of the CHUM, which complies with the Declaration of Helsinki.
Data collection and definitions
For data collection, charts up to May 2016 were reviewed for all liver transplant recipients. All associated colonoscopy reports were reviewed for the presence of colorectal polyps, the primary end point being at least 1 polyp. When more than one post-transplant colonoscopy was performed, only the earliest colonoscopy with a polyp or the latest one if no polyp was identified was used for assessment. The indication for colonoscopy was classified as screening, surveillance, or diagnostic [15] . The label "screening" was used for colonoscopies in asymptomatic patients with no CRC risk factors or only a positive family history for CRC. The term "surveillance" was used for colonoscopies in asymptomatic patients with a history of colonic disease, such as previous colorectal adenomas, previous CRC and IBD. "Diagnostic" colonoscopies were performed in patients who had been referred for symptoms or for an abnormal biochemical or medical imaging result. The endoscopies whose indication was not apparent were labeled as screening colonoscopies. Polyps were defined as being proximal to the splenic flexure when specified as such or if it was found beyond 50 cm of straightened colonoscope [16] . Patients with more than one lesion were categorized to the most advanced lesion. Additional medical data were documented: ethnicity, smoking status, liver disease before transplant, and CRC risk factors. Advanced adenoma was defined as polyp ≥ 1 cm, villous or tubulovillous histology, or high grade dysplasia. Cancerous lesions comprised colorectal adenocarcinoma. Two patient groups were formed: Group PrePost comprised patients having undergone both preand post-transplant colonoscopies, and Group Post included patients who only had a post-transplant colonoscopy.
Statistical analysis
Patient characteristics have been summarized as percentages or median with interquartile range [IQR] when appropriate. Due to the sample size and the non-normal distribution of the data, the median age at transplant and at post-transplant colonoscopy was compared using the Mann-Whitney U test. Groups PrePost and Post were compared with regard to post-OLT polyp prevalence, proportion of ≥ 1 cm polyps, and proportion of advanced lesions using the Fisher's Exact test. This test was also applied to compare patients with and without post-transplant polyps with regard to: sex, age (≥ 60 years), current or past smoking, alcoholic liver disease, non-alcoholic fatty liver disease, IBD/PSC, calcineurin inhibitor use, pre-transplant colonoscopy, pre-transplant polyps, timing of colonoscopy (≥ 5 years post-OLT), and colonoscopy indication. Using the previous variables, a stepwise logistic regression analysis, with conditional forward selection, was performed to identify predictors of post-transplant polyps. For the analyses, surveillance and diagnostic colonoscopies were grouped owing to the small sample size and because of a reported higher prevalence of polyps compared to screening colonoscopy [17, 18] . Statistical analyses were done using R (version 2.15.0, 2012) and IBM SPSS Statistics 22 software (SPSS Inc, Chicago, Illinois, USA).
Results
There were 164 orthotopic liver transplants between 1 January 2007 and 31 December 2009 at our center. Eighty-four patients were excluded ( ▶ Fig. 1 ). Of the remaining 80 patients, 49 recipients underwent both pre-and post-transplant colonoscopy (Group PrePost), and 31 patients had a post-OLT colonoscopy only (Group Post). Groups PrePost and Post did not differ with regard to sex (63 % vs. 65 % male, respectively; P = 1). The groups had similar median age at post-transplant colonoscopy (61 [IQR = 10] vs. 58 [IQR = 12] years), although the age distribution was different (P < 0.001). Characteristics of included patients are listed in ▶ Table 1 .
Pre-transplant findings
Colorectal polyps were found in 37 % (n = 18) of patients and in 47 % of patients over 50 years. Polyps were hyperplastic in 44 % of patients and adenomas in 22 % ( ▶ Table 2 ). A villous adenoma with high grade dysplasia was diagnosed in a 43-year-old patient with Crohn's disease, who underwent subsequent subtotal colectomy before transplant.
Post-transplant findings
The prevalence of polyps was 33 % (n = 26) overall and 37 % in patients over 50 years. The prevalence of polyps did not differ in patients with and without pre-transplant colonoscopy (33 % vs. 32 %; P = 1). The histological findings were adenomas in 62 % of patients and hyperplastic polyps in 12 % ( ▶ Table 2 ). Advanced or cancerous lesions were present in 5 % of patients (15 % of all lesions). The proportion of advanced adenomas and adenocarcinomas combined tended to be higher in Group Post (40 % vs. 6 % in Group PrePost; P = 0.055). The proportion of ≥ 1 cm polyps tended to be greater in Group Post (30 % versus 6 % in Group PrePost; P = 0.26). A single 60-year-old woman, screened before transplant at age 53, had a serrated polyp. One female, aged 50 at transplant and with no known CRC risk factors, did not undergo pre-transplant colonoscopy and was diagnosed with adenocarcinoma in situ 1.5 years post-OLT. Two patients developed anal squamous cell carcinomas in association with HPV at 3 and 8 years, respectively; the former was also diagnosed with a rectal neuroendocrine tumor 4.3 years post-OLT. Amongst the PSC/IBD patients (n = 11), only one developed a polyp.
Predictors of post-transplant colorectal polyps
Male sex and alcoholic liver disease were significantly associated with post-OLT polyps. These were also diagnosed more often in colonoscopies done for screening purposes than for other indications ( ▶ Table 3 ). In the logistic regression analysis, only two variables remained significant and were included in the model: alcoholic liver disease and indication of post-transplant colonoscopy. The odds of finding a polyp were 11 times greater in patients with alcoholic liver disease compared to those without (OR 11.3, 95 %CI 3.2 -39.4; P < 0.001). Screening colonos- ▶ copies, compared to surveillance/diagnostic colonoscopies, were associated with post-transplant polyps (OR 5.1, 95 %CI 1.4 -17.9; P = 0.01). The other variables tested did not predict post-transplant colorectal polyps.
Discussion
Our findings demonstrate that there is presence of colorectal polyps in 37 % of liver transplant patients before OLT and 33 % afterwards. A high proportion of post-transplant lesions were advanced adenomas or cancerous. The key finding of this study is that alcoholic liver disease was a strong predictor of posttransplant colorectal polyps. Our data is in agreement with previous pre-OLT studies, one of which reported the presence of polyps in 42 % of patients [9] . The single other study on post-liver transplant polyps found a similar prevalence of 29 % [19] . Furthermore, Rudraraju and colleagues reported that 7.3 % of their cohort of OLT recipients had advanced adenomas or cancerous lesions, similar to our findings [20] .
The role of immunosuppression in the development of colorectal polyps possibly stems from reduced tumor immunosurveillance by the innate and adaptive immunity [21] . Reactivation of pro-oncogenic viruses, notably Epstein-Barr virus and JC virus, may contribute to an acceleration of the adenoma-carcinoma sequence [22, 23] . Human papillomavirus reactivation is also a well-known risk factor for anal squamous cell carcinoma in organ transplant recipients [24] .
To our knowledge, this study is the first to demonstrate that alcoholic liver disease strongly predicts colorectal polyp occurrence in liver transplant recipients. There have been multiple retrospective studies linking alcoholic liver disease to pre-transplant adenomas [25] , as well as to de novo malignancies post-▶ Table 2 Prevalence and histology of polyps and cancerous lesions before and after liver transplant. Advanced adenoma or cancer, n (%) 2 (11) 4 (15) HGD, high grade dysplasia. 1 49/80 patients had a pre-transplant colonoscopy. 2 At time of colonoscopy.
▶ Table 3 Characteristics of patients with and without post-transplant polyps.
All (n = 80) Post-transplant polyps P value Present (n = 26) Absent (n = 54) OLT [26] . However, specific data on post-transplant colorectal polyps or CRC are lacking. A single earlier study has described a similar, albeit weaker, association, without a logistic regression model [19] . In the general population, alcohol consumption has been associated with colorectal adenomas [27] , advanced adenomas [28] , and CRC [29] . A recent systematic review of human and animal studies explored the possible mechanisms underlying alcohol's potential role in CRC carcinogenesis [30] , which include mucosal damage by acetaldehyde [31] , disruption of epithelial tight junctions [32] , induction of cell proliferation [33] , and increased expression or polymorphism of enzymes, particularly of cytochrome P450 2E1 [34] .
There was a strong association between colonoscopies done for screening purposes and post-transplant polyps in our study. Contrary to these findings, certain studies have reported a higher prevalence of adenomas, advanced adenomas, and colorectal cancer in surveillance and diagnostic colonoscopies [17, 18] . Nevertheless, Doubeni and colleagues showed that screening colonoscopies had a higher yield for CRC [35] . The fact that polyp prevalence was low in our diagnostic/surveillance colonoscopies may be driven by endoscopies done for low-yield indications, such as nonspecific gastrointestinal symptoms [18] . In addition, patients in the surveillance group have, by definition, already undergone polyp resection or have more frequent endoscopies done, which likely decreases the yield of the posttransplant colonoscopy. Colonoscopies with an unidentified indication may also have been misclassified as screening ones.
One of our study's strengths is that, although it was retrospective in design, it represents one of the few with an endoscopic follow-up of transplant recipients who underwent pretransplant colonoscopy. Also, despite the sample size, we were able to generate a statistically significant logistic regression model with strong predictors of our primary outcome, indicating the robustness of the associations. Furthermore, this is the first study to identify alcoholic liver disease as a predictor for polyps in OLT recipients with a logistic regression analysis.
Our study has several limitations. Due to its retrospective nature, some data is missing, including descriptions based on the Paris classification in endoscopy reports, as well as certain polyp pathology reports. Patients may have had a pre-transplant colonoscopy at another center without our knowledge, thus being misclassified in Group Post. Only 49 % of patients were included, which likely increases the risk of selection bias. However, the proportion is higher (65 %) when considering only the > 50-year-old transplant survivors and is also higher than in another similar study [19] . Due to sample size, logistic regression analyses were underpowered for certain variables. In addition, due to lack of reporting, possible important confounders, such as dietary habits, could not be accounted for in the subgroup analyses of alcoholic liver disease. Finally, given the distribution of liver diseases in our study population, most notably the high proportion of alcoholic liver disease, the results should be generalized to other liver transplant populations with caution.
In summary, patients with end-stage liver disease may be at high risk of colorectal polyps before and after liver transplant, and screening should be continued in both contexts, although the frequency of endoscopic examination remains unknown after transplant. In our study, alcoholic liver disease strongly predicted post-transplant polyps, and patients with a history of alcoholic liver disease may possibly benefit from more intensive endoscopic surveillance. A larger prospective cohort study of OLT recipients is needed to better characterize the incidence and natural history of colorectal polyps, ultimately with the goal of developing adapted post-liver transplant screening recommendations.
